The relaxation times 7\ , T2, T\Q and Ti0 are calculated in the weak collision case in the presence of anisotropy of the chemical shifts.
Introduction
The problem of nuclear magnetic relaxation in the laboratory frame in the presence of anisotropy of the chemical shift has been considered in a series of papers 1_7 . In the previous papers it was assumed that the chemical shift tensor is a symmetric one, but there are some theoretical suggestions that generally the chemical shift tensor may be unsymmetric with nine independent elements 8 ' 9 . Unfortunately, only the symmetric part of the tensor is accessible through measurements of NMR spectra 10 . However, the antisymmetric part of the anisotropy of the chemical shift can contribute to the relaxation rate in the presence of molecular reorientations.
The purpose of this paper is to calculate the resultant relaxation rate due to the symmetric and antisymmetric part of the anisotropy of the chemical shift both in the laboratory and rotating frame. The calculations are performed in a weak collision case using a method presented elsewhere u .
Theory
Consider a system of nuclear spins / in the presence of a strong external magnetic field H0 along the z-axis in the laboratory frame. The Hamiltonian Ti may be written as a sum of two terms, the Zeeman term and the chemical shift term: 
where OJ0 is the Larmor precession angular frequency and n0 is a unit vector along the H0 field.
The tensors Tpq and AqP may be reduced into the irreducible spherical tensors Fim and tensor operators Alm (I, tl0) of orders Z = 0, 1, 2, respectively (1. c. u ' [13] [14] [15] ) and finally the Hamiltonian (1) may be written in the following general form:
c-ic®=2 2(-l ) m Alm(I,n0)Fl_m,
where in the laboratory frame one gets
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where o = J Tr a is the ordinary screening constant.
In the presence of molecular reorientations the spherical tensors F\m and F^m are random functions of time and the terms G^ and G^ of the Hamiltonian (5) can contribute to the relaxation rate.
Moreover, in the case of spins exchanging positions between two sites with chemical shifts + dco/2 and -dw/2 from co0, also the term G^ can provide a relaxation mechanism 16 . Using the method presented elsewhere 11 and well known commutation relations and transformation properties for the tensor operators and spherical tensors respectively, one can calculate the relaxation rate due to the chemical shifts in both the laboratory and rotating frame.
The calculations were performed under the assumption that correlation times TcI for the interactions G® are much shorter than the spin-spin relaxation time in a rigid lattice (weak collision approach).
In the case of the relaxation in rotating frame (RF) one has to take into account the radiofrequency field 2 Hx cos OJ t perpendicular to H0 , which
gives an effective component Hx along the x-axis of the RF. As a result of the calculation one can get the following expression for the relaxation times
Tlo and T2ß in the RF:
where
Ci= i O)0 2 (do) 2 = i co0 2 [(oxy-oyx) 2 + {oxz-ozx) 2 + (ovz -ozy) 2 ] ,
coe= yiHe = V(co0-aj) 2 + aj1 2 ,
oj1 = 7I Hlt
where f h h h \ are Wigner's 3/ symbols 13 In the considerations presented we have neglected relaxation contribtions due to the spin-spin interaction calculated previously n ' 12 . One has to note that there are time correlations between the spinspin interaction and the anisotropy of the chemical shifts leading to an interference effect in nuclear magnetic relaxation in the laboratory frame 17 . Such interference effects should appear also in the rotating frame. This problem will be considered elsewhere.
